Tissue injury can initiate bidirectional signaling between neurons, glia, and immune cells that creates and amplifies pain. While the ability for neurotransmitters, neuropeptides, and cytokines to initiate and maintain pain has been extensively studied, recent work has identified a key role for reactive oxygen and nitrogen species (ROS/RNS; nitroxidative species), including superoxide, peroxynitrite, and hydrogen peroxide. In this review we describe how nitroxidative species are generated after tissue injury and the mechanisms by which they enhance neuroexcitability in pain pathways. Finally, we discuss potential therapeutic strategies for normalizing nitroxidative signaling, which may also enhance opioid analgesia, to help to alleviate the enormous burden of pathological pain.
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The Link Between Nitroxidative Signaling and Pain
Investigation of oxidative processes, such as rusting, began with the 'phlogiston theory', developed by Georg Ernest Stahl during the scientific revolution, which postulated that a fire-like element (phlogiston) is released during combustion. Oxidation was formally linked to biology during the early 20th Century, when it was found to underpin cellular metabolism [1] [2] [3] . The connection between ROS and altered sensory processing was empirically identified around the same time [4] . Since then, research has shown that prolonged, unchecked increases in ROS/RNS (nitroxidative species) after infection or tissue damage can promote cytotoxicity and inflammation. These processes can cause peripheral and central sensitization which underlie pathological pain (see Glossary) [5, 6] . Thus, restoring nitroxidative balance in peripheral and central nervous systems (PNS, CNS) is a possible therapeutic approach for ameliorating neuropathology [6] [7] [8] [9] [10] .
In this review, we summarize recent research on how nitroxidative species participate in neuroimmune signaling throughout the neuraxis to drive pathological pain. We additionally discuss potential therapeutic strategies for normalizing nitroxidative signaling by activating endogenous antioxidant systems, which may also enhance opioid analgesia. Because pathological pain is often intractable to current therapies, new strategies to normalize nitroxidative signaling may help to alleviate the enormous burden of pain [11] .
Production of Nitroxidative Species by Neurons, Glia, and Immune Cells
The role of nitroxidative signaling in pain has been studied using rodent experimental models of inflammatory pain [e.g., intraplantar complete Freund's adjuvant (CFA), formalin] and neuropathic pain [e.g., peripheral nerve injury (PNI), chemotherapy-induced peripheral neuropathy
Trends
Nitroxidative species (RNS, ROS, and their products) contribute to peripheral and central sensitization after tissue injury, which leads to pathological pain.
There is a reciprocal relationship between nitroxidative and inflammatory signaling that drives peripheral and central sensitization.
New approaches to restoring nitroxidative balance may reveal effective strategies to treat pathological pain.
The development of new tools may enhance our understanding of the crucial relationships between real-time local creation of nitroxidative species, their concentration at the effect site, and the distribution of their direct effects.
